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1. INTRODUCTION 


We will conduct this experiment using Altera Quartus II and Altera University Program 
DE1 board with Cyclone ll FPGA. Altera Ouartus ll is an integrated circuit design 
software used for the design and simulation of FPGA (Field Programmable Gate Array) 
and CPLD (Complex Programmable Logic Device). The DE1 board provides a 
convenient way to learn FPGA programming, hardware description languages (such 
as Verilog or VHDL), and basic knowledge of digital system design. In this experiment, 
it mainly helps us test whether the digital circuit can operate normally. The block 
diagram of DE1 board is as shown in Fig.1. All connections in this experiment were 
made through the Cyclone II FPGA device, which has the advantages of low cost, high 
performance, high programmability, and rich interfaces. 


Cyclone Il 
FPGA 
2C20 


EPCS4 
Config 
Device 


USB 
Blaster 


Fig. 1 The block diagram of DE1 board 


This experiment is mainly divided into three parts: elements of the schematic capture 
package, AHDL combination design, and AHDL timing design. A detailed introduction 
will be provided before each of these three parts. 

Through this experiment, I have gained a deeper understanding of the Altera Ouartus 
ll software package and DE1 board, and have become more proficient in mastering 
lecture Knowledge. 
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2. SCHEMATIC CAPTURE 


2.1 Introduction 

As one of the most common methods of input design, schematic capture is the easiest 
to understand design capture method, but not the most effective. Schematic capture 
typically involves creating a new project, opening the schematic editor, adding 
components from the component library, connecting circuits, setting component 
properties, validating circuits, and other processes. 

In this software, we will learn the schematic symbols and models of the 74 series TTL 
ICs, implement the schematic of existing circuits, and input the schematic into the 
software. At the same time, in this part, we also need to generate analog waveforms 
and connect the DE1 board to check whether our design can work correctly. We will 
convert binary encoded decimal digits into 7 segments for output. 

The relationship between the 7-segment LED inputs and outputs of the 7448 decoder 
is shown in Fig.2: 


Seven segment display of dec 7448 function table 


£ 
0 1 0 0 0 0 1 1 1 1 1 1 0 
1 1 0 0 0 1 0 1 1 0 0 o 0 
2 1 0 0 1 0 1 1 0 1 1 0 1 
3 1 0 0 1 1 1 1 1 1 0 o 1 
4 1 0 1 0 0 0 1 1 0 0 1 1 
5 1 0 1 0 1 1 0 1 1 0 1 1 
6 1 0 1 1 0 0 0 1 1 1 1 1 
7 1 0 1 1 1 1 1 1 0 0 o 0 
8 1 1 0 0 0 1 1 1 1 1 1 1 
9 1 1 0 0 1 1 1 1 1 0 1 1 
10 1 1 0 1 0 0 0 0 1 1 0 1 
il 1 1 0 1 1 0 0 1 1 0 o 1 
12 1 1 1 0 0 0 1 0 0 0 1 1 
13 1 1 1 0 1 1 0 0 1 0 1 1 
14 1 1 1 1 0 0 0 0 1 1 1 1 
15 1 1 1 1 1 0 0 0 0 0 0 0 


Fig. 2 The input-output relation of 7448 mode 


2.2 Methodology 

In this section, we follow the steps in the lab manual, start the software — create a 
new project — create a new schematic — use a graphic editor to find 7448, add 4 
inputs, 7 outputs, and VCC according to the circuit diagram — compile — add nodes 
for each input and output — simulate waveform input — add pins for input and output. 
We add them according to the table provided in the experimental manual — program 
and test using the DE1 board. In this section, we strictly follow the experimental steps. 
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2.3 Results 
The design in Section 2.4 


2.3.1 
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Fig. 5 The simulation waveform of section 2.6 
According to Fig. 5, it can be seen that the output of the 7-segment LED display of the 


7448decoder cannot display numbers greater than 9. 
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2.3.3 The modified design in section 2.7 


We checked the allocation of pins and assigned the correct pins for input and output. 
The modified design as shown in Fig.6: 


+. [PIN L21 


1: | PIN M22 


::. | PIN V12 | Wega rerarerenete eee ee 


Fig. 6 The modified design in section 2.7 


2.3.4 The re-simulation in section 2.7 

We will connect the DE1 board to the power supply and connect it to the computer 
through a USB port to check if our design is correct. We manually toggle the switch 
position to obtain a total of ten outputs from O to 9, as shown in Fig.7: 


Fig. 7 The re-simulation result in section 2.7 
In order, the output results are: 


0000—0001—0002—0003—0004—0005—0006—0007—0008—0000. 

The corresponding switch status is (1 represents open, O represents close, The front 
6-position switch remains at 0): 
0000—0001—0010—0011—0100—0101—0110—0111—1000—1001. 

2.4 Error analysis 

The first time using the DE1 board for testing, the number displayed on the display 
screen was incomplete. After inspection, we found that this was due to an incorrect 
output polarity setting. 
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2.5 Discussion 

For the first section which is not very difficult, it mainly tells us how to use Quartus II to 
draw a circuit. After that, we learned how to compile it and add pins to the inputs and 
outputs, which will be correspond to the input and output of the DE1 board. 

Before adding pins and programming it on DE1 board, we should firstly ensure that 
there are no errors for our project. Therefore, we should construct input signals by 
using Vector Waveform File for simulation and open simulator to get the relevant output 
signals to test whether the project is correct. For the simulator, the bottom waveform 
refers to the most significant bit and the top waveform refers to the least significant bit. 
Besides, we learned that 7448 can only nine numbers, 1-9 respectively. 
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3. AHDL COMBINATIONAL DESIGN 


3.1 Introduction 

AHDL is Altera's own hardware description language for text-based design items. As 
mentioned in the previous section, schematic capture can only be used for existing 
designs, while AHDL is the knowledge that must be mastered to create new designs. 

In this section, we first learned some basic logical operators in AHDL, such as 
subdesign, implementing Boolean expressions, declaring nodes, and some examples 
of basic logic. Then, we learned how to create a 7-segment decoder in AHDL. After 
connecting the circuit, we conducted waveform simulation and tested it using the DE1 
board. In this section, the experimental result we obtained is that the DE1 board can 
display hexadecimal numbers. We will have a deeper understanding of Quartus II 
software and learn how to use AHDL to create new designs. 


3.2 Methodology 

This section, like the first part, provides specific steps in the experimental manual. We 
follow the order: importing AHDL code — creating a symbol file — designing and 
improving the circuit diagram — setting input signals — simulating waveforms — 
testing the circuit using the DE1 board. 


3.3 Results 


3.3.1 The 7segment.tdf of Section 3.9 


= LLE) ere ee eee m uS = 


Al ab SUBDESIGN 7segment 
2 a( 
d 3 i[3..0] : INPUT; 
AP 4 a, b, c, d, e, £, g : OUTPUT; 
pan 5 ) 
€ BEGIN 
E 7 TABLE 
a g i[3..0] => a, b, c, d, e, f, g; 
f= E H"0" => 1, l, 1, 1, 1, 1, O; 
- lo H"i"--0,1,1,09,.09, 0, O 
E qu H"2" => 1, 1, 0, 1, 1, 0, 1 
% 12 H"3" => 1, 1, 1, 1, 0, O, l; 
a 13 H"4" => 0, 1, 1, 9, 9, 1, 1: 
E 14 H”5" => 1, 0, l; L 0, d, 1 
% 15 H"6" => 1, O, 1, 1, 1, 1, l; 
16 H"7" => 1, 1, 1, 9, 9, 0, 9; 
i T7 H"8" => 1, 1, 1, 1, 1, 1, 1 
7 18 H"9" => 1, 1, 1, 1, 0, 1, 1: 
19 H"A" => 1, 1, 1, 0, 1, 1, 1: 
E 20 H"B" => 0, O, l, l, l, l, 1 
21 H"Cc" => 1, 0, O, 1, 1, 1, O 
zur 22 H"D" => 0, l, l, 1, 1, 0, 1; 
ah 23 H"E" => 1, 0, 0, 1, 1, 1, 1: 
24 H"F" => 1, 0, 0, 0, 1, 1, 1: 


25 END TABLE; 


LI warm. 


Fig. 8 The 7Segment. taf code 


8 / 19 


EEE205 Lab Report 


3.3.2 The hexdec.bdf file of Section 3.9 


TE] 7SegmentDecoder.bdf | £ andi | & Compilation Report - Flow... | R Pin Planner | iri 7SeqmentDecoder.vwt | & Simulation Report - Simul... | [V] 75eamentDecoder.cdf* 


Ag o0» 


^ BD|5 >l ojad O |l 


JO 


Fig. 9 The baf file in section 3.9 


The corresponding pins is shown in Fig.11: 


Fig. 10 The pin settings 


3.3.3 The simulation of hexdec in Section 3.9 


Simulation Waveforms 
&B Legal Notice Simulation mode: Timing 
EEF] Flow Summary 
BEE Flow Settings 
3-3 Simulator 
am Summary | Ty Master Time Bar {>| Pointer: | 14114 us Interval 1414us Start Ent | 
B Settings 
- yr Simulation Waveforr A T 9000 us 
CJ Simulation Coverage E ps 
itm BS Uwn GEO UN RON GER EVA EE REOEECEUBEDECRBEETE ZEIGEN 
Er 83 Bi = e com period tirom U to ry] |—3 
a — l Lb E! — 
a | | 1 
^ ll LL. — S a 
a 


Fig. 11 The simulation result in section 3.9 
We will connect the DE1 board to the power supply and connect it to the computer 


through a USB port to check if our design is correct. We manually toggle the switch 
position to obtain a total of 16 outputs from O to F, as shown in Fig.12: 
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lila) PARAS Wa 


| 
aal E 


Fig. 12 DE1 board with display from O to F 
In order, the output results are: 
0000—0001—0002—0003—0004—0005—0006—0007—0008—0009—000a—000b 
>000c—000dg—000e—000f. 
The corresponding switch status is (1 represents open, O represents close, The front 
6-position switch remains at 0): 
0000—0001—0010—0011—0100—0101—0110—0111—1000—1001—1010—1011 
>1100>1101—1110—1111. 


3.4 Discussion 

We learned how to use Ouartus ll to draw a circuit. After that, we learned how to 
compile it and add pins to the inputs and outputs, which will be correspond to the input 
and output of the DE1 board. Before adding pins and programming it on DE1 board, 
we should firstly ensure that there are no errors for our project. Therefore, we should 
construct input signals by using Vector Waveform File for simulation and open 
simulator to get the relevant output signals to test whether the project is correct. For 
the simulator, the bottom waveform refers to the most significant bit and the top 
waveform refers to the least significant bit. 

Compared with first experiment, we learned to add a new component in the library by 
using AHDL. In this experiment, we constructed a new circuit called decoder by using 
7Segment component which can output 16 numbers, 0-15 respectively. Thus, we can 
use AHDL to make a new symbol that is no include in the software library to achieve 
different types of circuits and functions. 
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4. ADHL SEQUENTIAL DESIGN 


4.1 Introduction 

In this section, we learned about the counter design of AHDL, including the decimal 
counter, the divide-by-12 counter, and the cascaded synchronous divide-by-12 counter. 
For any sequential system, some form of memory is required. Although "JK" triggers 
are available in AHDL, these triggers are typically simulated using "D" type triggers 
within the device. Through this section of learning, we can have a deeper 
understanding of the principles of different counters. 


4.2 Methodology 

Firstly, we learned the basic knowledge of the "D" type flip-flops and oscillator with 
enable function. Then, we imported the AHDL file of the decimal counter into a new 
project according to the lab manual. After creating the symbols, we connected the 
circuit diagram and conducted simulation. This decimal counter does not need to be 
connected to the DE1 board for testing. 

Then we create AHDL files for 7Segment, dec count, and sec cnt, and create circuit 
symbols. This step is the same as the second part. Next, we will wire according to the 
circuit diagram, connect enc and clk to the sec_cnt symbol, connect 3 inputs and 7 
outputs, and remember to connect both inputs to the corresponding pins after 
connection. At this point, our divide-by-12 counter is designed. The input used for 
simulation is the same as the third part, using the DE1 board to test the circuit. 
Finally, we need to link an identical divide-by-12 counter to the created one. The rco of 
the first counter is connected to the ent of the second counter, and the enc, clk, and 
clear of the two counters are connected together. At this point, we have created the 
engineering file for the cascading divide-by-12 counter, and finally we simulate and test 
it using the DE1 board. 


4.3 Result 


4.4.4 The dec count in Section 4.3 and 4.4 


As shown in Fig.14, when we design decimal counter, the value of q=q!=9: 
nar -|m*V wo GAA A Fe, GY 

dec_counter.bdF b d dec_counter.tef 

ui el +356 


} clk: 
ul le 
IEN 
count[].g !"| 9) THEN 
ount[].q + 1; 
ent & (count[].q --($)) THEN 
t[].d = count[].q; 


23 reo = Cennet].g È 7) enc): 
23 END; 


Fig. 13 The dec_count in section 4.3 
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As shown in Fig.11, when we design divide-by-12 counter and a cascaded 
synchronous divide-by-12 counter, the value of q=q!=11: 


[E Jx Eged yn eoe | 


ED abut | 1 3vwf | €& dec. count.tdf | @ sec enttdt 


SUBDESIGN dec count 


1 

2 

3 enc, ent, clk : INPUT; 
AT 4 clear : INPUT; 

5 

6 

7 

8 


value[3..0] : OUTPUT; 
rco : OUTPUT; 
) 
VARIABLE 
9 count[3..0] : DFF; 
10 BEGIN 
ilk count[].clk = clk; 
12 value[] = count[]; 
23 GIF (clear) THEN 
count[].d = 0; 
15 GELSIF (enc & ent & (count[].q !=11 )) THEN 
16 count[].d = count[].q + 1; 
ELSIF (enc & ent & (count[].g == 11)) THEN 
18 count[].d = 0; 


m 
Ll 


B/D Ae KVR Ŵi 


| 19 ELSE 
20 count[].d = count[].q; 
21 END IF; 
22 rco = ((count[].g — 11) & ent); 
23 END; 


o 
t 


Fig. 14 The dec count in section 4.4 


4.4.2 The bdf file in Section 4.3 


Dlfdeccoun ^—————— 
[ JNPHL H | enc  value[3..0] 
— pet rco 
[ IERI ;—] clk 
[ INEM 1 - clear 
| 


Fig. 15 The baf file in section 4.3 


4.4.3 The Simulation file in Section 4.3 


dg Master Time Bar Ope a| e| Pointer: 481.3 ns Interval 481.3 ns Stat | End 
A mi 30pns 1600 ns 2400ns 3200ns 400,0n8 480,08 5600ns 40 ns 720,008 3000ns 3800 ns 3600ns 
E Name Or PPs 
Qo | ce |: 8] pl 
On JU LU LIWTITT a LEPTLLIT ee 
a m enc B 
3 ent B 
sfa] mo B 
> |£P5 | [El value LU 
gu 26 eon 
Mr el] | H 
Er an| w 
EE e| H 


Fig. 16 The simulation file with decimal counter 
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4.4.4 The sec cnt file in Section 4.4 


When using software simulation, we found that if the value of g is set to 27000000, it 
takes a long time to run once, so we changed the count value to 5 (Fig.17). However, 
when connecting to the DE1 board for testing, we need to change the count value back 
to 27000000 (Fig.18). 


fis] 3bdt 


^ 
% 
% 
% 
U 

5 
RA 


266 


m 
o 
5 


> 
E 


me. 
- 


| a*r. ant 


aem») 


| inj 3.vwf | i dec count.tdf 


SUBDESIGN sec cnt 
E 
Clk : INPUT; 
second : OUTPUT; 
) 
VARIABLE 
count[25..0] : DFF; 
BEGIN 
count[].clk - clk; 
EIF ((count[].g ==5|)) THEN 
count[].d = O; 
second - VCC; 
EELSE 
count[].d = count[].q + 1; 
second = GND; 
END IF; 
END; 


Fig. 17 The sec_cnt file when simulating 


| ie dec count.tdf 


| in 3.vwf 


SUBDESIGN sec_cnt 
E 
Clk : INPUT; 
second : OUTPUT; 
) 
VARIABLE 
count[25..0] : DFF; 
BEGIN 
count[].clk - clk; 
GIF ((count[].g ==27000000)) ) THEN 
count[].d = O; 
second = VCC; 
EELSE 
count[].d = count[].g + 1; 
second = GND; 
END IF; 
END; 


Fig. 18 The sec cnt file when using DE1 board 
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4.4.5 The bdf file in Section 4.4 
The schematic circuit of divide-by-12 counter is shown in Fig.19: 


Fig. 19 Divide-by-12 counter 
The schematic circuit of cascading divide-by-12 counter is shown in Fig.20: 


Fig. 20 Cascading divide-by-12 counter 


4.4.6 The Simulation waveform of Section 4.4 
When q=5, the simulation of divide-by-12 counter is shown in Fig.21: 


E orm pP ums sour m pA roce AE TE epo cremas p LL] eur T————" 


a| e] Pointer:| 36653 ns Intervat | 36653 ne Start En&.| 


309ns 1600ns 2400 ns 3200ns 4000 ne 4800 ns 5600 ns 640 0ns. 720,0ns 800,0ns 3800 ns 3600 ns 


Fig. 21 The simulation waveform of divide-by-12 counter (q=5) 
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When q=5, the simulation of cascading divide-by-12 counter is shown in Fig.22: 


Simulation mode: Timing. 


h Master Time Bar. | Ops {>| Pointer: = Ops — Interval) = Ops — Statt:| End: | - ] 
x mu e pee 128us 256us 384us 5.12us 64us 7.68us 8.96 us 1024us 1152us 128us 1408us 1536us 1&.84us 1792us 1920] 
Ops [ps 
a 0 clear B0 
o ui clock B0 
aa 2 ent B1 
^ 4»3 wA) BO 
[Da uB| BO 
> [os wc| BO 
ga. «6 D| BO 
Hi 7 “E| BO 
Z* [ape uF| BO 
29 utG| BT 
«p 10 LAl BO 
E Al tB2 BO 
«4» 12 1C3| BO 
LAE 1D4| BO 
«14 1£E5| BO 
«p15 t£F6| BO 
LAG 1G7 B1 


Fig. 22 The simulation of cascading divide-by-12 counter when q=5 
When q=1, the simulation of cascading divide-by-12 counter is shown in Fig.23: 


Simulation mode: Timing 


Tp Master Time Bar: | Ope ale] Pointer: | 3978ns Interval 3978 ne Start Ent | 
A a Dk 640,0ns 1.2Bus 18gus 256us 32us 384us 44gus 51gus 576us 64us 7.04 us 7.68 us 8.32us 296us 36us 
Ed Name | Ops ops 
& [eo dex | BO i 
DI dok | BO 
a Z et | BO | 
a [23 “A BO JESSI LL iynu FR pinan] TLl TLl Jui yL ri 
ML “B BO 1 mil r1 [iil r1 r1 ri IJ r1 Ji r1 Iri r1 rt T1 ni 
— [us uC) BO r1 pi | r1 l! r1 L r1 1 r1 l r1 1 m 
gy [2E ut_D} BO fl [nl TL Dn nn rm m FL Fon 
a7 we BO AUT WOU AT ETE TT ST num urn UTL 
2 [es uF BO mT mn niii" Dii al M nt 
EE uG BI ELHBEFERCLEL LIFT Froid Finn HF I1 r1 gg ite ERES yr TEL ELE TE] ruit ril 
£10 Lai] BO HHHBHHBHEBLH 
E: XU 1B2| B0 BWER BEN 
«212. 1C3| BO THHHHWTH 
aR 14] BO Tm TFFFFFFRPPPPPPMI m 
ou 1_E5 BO Mooon eee eee T e 
215 tF6| BO Hii 
E X3 1G] Bi | iii 


Fig. 23 The simulation of cascading divide-by-12 counter when q=1 
We can observe that the value of q will affect the output waveform. The smaller q, the 
more compact the output waveform; the larger q, the more loose the output waveform. 


4.4.7 The display on two Seven Segments. 


In this section, we only need to toggle the switch once and the DE1 board will start 
counting automatically. The switch on the far right controls the stop and start of the 
count, while the second to last switch controls the reset. The counter divided by 12 can 
count from O to b, a total of 12 bits; The cascaded 12 division counter can count from 
00 to bb, with a total of 144 bits. Divide-by-12 counter can count from 0 to b, a total of 
12 bits; cascading divide-by-12 counter can be counted from 00 to bb, with a total of 
144 bits. 
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The 7segment display of divide-by-12 counter as Snown in Fig.. 24: 


ua memc9ee 


falslalalalaisialale 
ST 


Fig. 24 The 7segment display of divide-by-12 counter 


The 7segment display of cascading divide-by-12 counter is shown in Fig.25 to Fig.28, 
| only selected the states of 00-1b, and a0-bb, which are actually from 00 to bb, due 
to space limitations, | omitted images from 20-9b: 


Fig. 25 Display of cascading divide: by-12 counter from 00 to Ob 
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TT la 


mal edd id sedd hed dd È 


S ILI 


Fig. 27 Display of cascading divide-by-12 counter from a0 to ab 
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Fig. 28 Display of cascading divide-by-12 counter from b0 to bb 


4.4 Error analysis 

During the experiment, there were significant errors in this section, and | have 
summarized several issues that need to be noted: 

1. The bdf file name can only be the same as the folder name, and any other file name 
cannot be the same as these two, otherwise an error will occur, and the project will not 
run successfully, such as the circuit symbol created by the tdf file cannot be used. 

2. The setting of the count value. When using software to simulate circuits, if the count 
value exceeds a certain range, it will cause slow operation speed. Therefore, only by 
taking the appropriate value can we output a more suitable waveform. 

3. In the dec count file, the value of q and q! in the AHDL file of dec count needs to be 
set. When designing a decimal counter, we need to set it to 9, while when designing a 
divide-by-12 counter and a cascaded divide-by-12 counter, we need to change the 
value to 11. In the first experiment, we did not modify the data, resulting in an incorrect 
output waveform. 

4. We have set the input values for clear and ent according to the third part. However, 
since we cannot see the output of all waveforms, we have increased the waveform 
time. However, this is not advisable because when we directly increase the waveform 
time, our clear and ent will become periodic, leading to incorrect outputs. The correct 
approach should be to first adjust the total time, and then set the input values for clear 
and ent. 


18 / 19 


EEE205 Lab Report 


4.5 Discussion 

In this part of the experiment, we conducted three experiments, namely manufacturing 
a decimal counter, a divide-by-12 counter, a cascading divide-by-12 counter. For the 
first one, we only simulated it in the Quartus ll and observed the waveforms of input 
and output signals. For the second and third parts, we simulated them in the Guartus 
I| to make sure everything we constructed is correct. Then, we switched on DE1 board 
and programmed it using Quartus Il to design two different counters. 

In this part, we learned that we can use several AHDL files to construct several new 
symbols. Besides, we learn that changing some parts of the code for AHDL has a 
significant impact on the new symbols. For example, we only changed one number in 
the AHDL of the decimal counter to change the symbol to a divide-by-12 counter. 


5. CONCLUSION 


Through this experiment, | have gained a basic understanding of the use of Quartus II 
and DE1. At the same time, | have learned and understood knowledge in schematic 
capture, AHDL combination design, and AHDL timing design. | have not only learned 
how to use existing circuit symbols, but also learned how to create new circuit symbols 
and design new digital circuits through AHDL documents. The experimental process 
went smoothly, but | also encountered some problems during the experiment, such as 
file naming, count value setting, and output waveform errors. The corresponding error 
analysis was mentioned at the end of each section. With the help of the teacher and 
TA, I successfully solved these problems. With the experience of this experiment, I 
have gained a deeper understanding of classroom knowledge. 
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